Pseudomonas aeruginosa is a leading cause of hospital infections and is intrinsically resistant to most antibiotics. Emergence of multidrug resistant (MDR) strains has been reported in the world and poses a great challenge in the management of infections associated with this species. While a substantial amount of research has been done on strains from most of other infection caused by this species in developed countries, little is known about the susceptibility profiles of strains recovered from African countries in general and Kenya in particular. Furthermore, there is paucity of data regarding strain, phenotype and genetic diversity of strains recoverable from wounds among patients in Kenya. The possible risk factors for acquisition of MDR strains and possible factors that could fuel clonal expansion in hospital and community settings remain undetermined. This cross-sectional study conducted in Tigoni Hospital, a rural area in Central Kenya sought to determine risk factors associated with carriage of MDR Pseudomonas aeruginosa in wounds among rural population. We also analyzed antimicrobial resistance profiles among these isolates. Prevalence of P. aeruginosa in wounds was 28% with 85 isolates recovered from wounds of 299 participants. Most antimicrobial resistance prevalence was recorded towards Ceftazidime (64%) and Cefepime (52%) while Piperacillin-tazobactam was the most effective antimicrobial agent with a resistance prevalence rate of 20%. Resistance towards new classes of aminoglycosides such as Gentamicin was at 45% while that towards Amikacin was at 40%. Compared to other related studies, relatively lower resistance towards Ciprofloxacin (25%) and Meropenem (40%) were recorded. Some
Introduction
We detected bla NDM-1 in 10 isolates from a total of 34 isolates that were resistant to Meropenem. We were not able to determine genetic basis of resistance to this class of antimicrobials in the rest 24 isolates but these isolates have since been submitted for whole genome sequencing. bla TEM was the most prevalent β-lactamase gene at 25% while the prevalence of bla SHV was (24%) was also recorded amongst strains resistant to 3 rd generation cephalosporins.
The phylogeny of recovered strains revealed significant genetic similarities among the strains. Our data revealed possible clonal expansion of some MDR strains. However tight clustering of strains that bore dissimilar resistance phenotypes further suggests independent acquisition of a similar set of resistance determinants among strains belonging to different clones. These isolates tested negative for other carbapenemases such as bla VIM , or even KPC. This is the first report of carbapenemases resistant Pseudomonas from skin wounds in Kenya.
The close relatedness phenotypically further indicates clonal expansion of these carbapenem resistant strains in the community. Unless something is done to curtail the dispersal of these strains, they could soon be implicated in large outbreaks in community and hospital settings thereby rising mortality and morbidity due to their insensitivity to majority of available drugs.
Background
Among the Pseudomonas species, Pseudomonas aeruginosa is the most important clinically. It is a Gram-negative rod ubiquitous in hospital environment especially in hot tubs, whirlpools, contact lens irrigation fluids, aerators, sinktraps, showers, and respiratory equipment. P. aeruginosa has been implicated in severe infections in immune-compromised individuals ranging from bacteremia, urinary tract infections, wound, respiratory, skin and burn infections. [1] [2] In the repertoire of infections caused by the organism wound infections come out as most common and therefore, the organism is a leading cause of life threatening wound infections often with high mortality rates [3] . This is in both chronic and acute wounds where several virulence factors come into play including the formation of biofilms. Factors such as loss of protection offered by intact epidermis through burns, puncture, wounds and eye trauma provide ideal condition for P. aeruginosa infections especially in hospital wards. Intrinsic resistance to multiple of these carbapenem resistant P aeruginosa were obtained from wound specimens.
Antimicrobial resistance in P. aeruginosa has largely been attributed to production and acquisition of extended β-lactamases. These resistance mechanisms are mostly harbored in plasmid borne integron and are therefore easily transmissible across species and genera via horizontal gene transfer [7] [8] . Genetic elements such as Class 1 and 2 integron conferring resistance to β-lactams, aminoglycoside and fluoroquinolones have also been reported in P. aeruginosa. These classes of antimicrobials have high applicability in treatment of P. aeruginosa infections. Production and spread of carbapenemases that degrade carbapenems which are regarded as some of the drug of last resort for treating Gram-negative bacterial infections is on the rise among P. aeruginosa. This therefore makes treatment of associated infections more difficult and likely to result to treatment failure that could in turn result to prolonged hospitalization, high morbidity, and mortality.
Prevalence and antimicrobial resistance profiles of P. aeruginosa in rural Kenya have not been adequately studied. In urban centers, considerable self-medication and unhygienic environment have been among the major causes of antimicrobial resistance in such settings. In rural set-up on the other side, the drivers to this antimicrobial resistance have not been well documented. This cross-sectional study therefore set to determine prevalence of wound infections caused by P. aeruginosa and antimicrobial resistance in Tigoni hospital which is among tertiary hospital in Kiambu county attracting referrals within and beyond.
Methodology

1) Study area and design
A consecutive random sampling strategy was used in this cross-sectional study to obtain wound and swab specimen from consenting patients attending Tigoni District hospital for a period of six months in 2015. In total, 299 participants were recruited in this study where 299 of wound/swabs specimens were obtained. Of these specimens 240 (80%) were from adults and 59 (20%) were from children. Further, 183 (61%) were obtained from males compared to 116 (39%) from females. The mean age was 33.6 years and median age 29 years.
2) Sample collection
Patients with wounds were identified at the outpatient department, medical were then dispensed. P. aeruginosa ATCC strains ATCC 27853 was used as control strain for media quality and disc potency. The plates were incubated overnight at 35˚C. The antimicrobial inhibition zone sizes were then measured and interpretation done based on the CLSI guidelines 2016.
5) PCR screening of β-lactamase genes
Isolates showing resistance to third generation cephalosporin were screening possible carriage of bla NDM-1 , bla SHV and bla TEM genes which have are the most reported variants in the region. Pure colonies sub-culture on Mueller Hinton agar were used for DNA extraction using the boiling method. Briefly, the method involved heating bacterial inoculums suspended in 1000 µl of PCR water in an Eppendorf at 95˚C for 12 minutes. Separation was then done by centrifugation at 14,000 rpm for 5 minutes. The supernatant containing separated DNA was template for the PCR process. Table 1 Finger print analysis using the (GTG) 5 primer done to determine genetic relatedness of recovered Pseudomonas aeruginosa isolates. Amplified products were separated using 1.5 agarose gel and resultant bands visualized on gel max U.V imager. A total of 85 non-duplicate P. aeruginosa strains were obtained from successful MacConkey and sheep blood cultures. Carriage of P. aeruginosa was high in wounds of adult (94%) compared to those of children (6%) with a significant Those who acquired antimicrobial without a doctor's prescription regardless of the source drug source were more likely to be colonized by a highly resistant strain compared to those to those had a prescription, P: 0.001, C.I: 3.01 -8.86, O.R: 5.17. Participant who recorded did not finish their antimicrobial dose had a higher carriage of these bacteria (50.6%) compared to those who completed their dose (49.4%) further indicating that adhering to dosage regimen is an important risk factor for colonization with this pathogen (P: 0.12, C.I: 0.9 -2.5, O.R: 1.5).
Results
1) Analysis of risk factors in relation to
2) Antimicrobial susceptibility patterns of Pseudomonas aeruginosa isolates Among the antimicrobial tested, highest antimicrobial resistance was recorded towards Ceftazidime (64%) whilst Piperacillin-tazobactam (80%) was the most effective in-vitro (Figure 1 ). Gentamicin (45%) was the least potent antimicrobial amongst the aminoglycoside tested. Pseudomonas aeruginosa resistance towards Ciprofloxacin (25%) was least compared to compared to Cephalosporin and Aminoglycosides. High resistance towards Meropenem (40%) was also recorded. More isolates from male participants were resistance to cephalosporins (CAZ 68%, FEP 53%) while those from females were more resistant to aminoglycoside (AK 80%, CN 41%). Bacteria isolates from participants aged between 18 -30 years were overall more resistant compared from those obtained from other age brackets (Table 2) . A higher resistance towards virtually all tested antimicrobial agents was also recorded in bacterial isolates from participants who did not complete dosage compared to those that did.
3) Carriage of b-lactamase genes bla NDM-1 was detected in 10 isolates from a collection of 34 isolates that were resistant to Meropenem. These isolates were resistant to virtually all cephalosporins and aminoglycosides. The isolates were also highly resistant to and also to Tazobactam-Piperacillin and Ciprofloxacin (60%). Carriage of TEM β-lactamase was the most predominant b-lactamase among the 34 isolates and in all isolates showing resistance to any b-lactam. Carriage of bla SHV was also recorded amongst Pseudomonas aeruginosa isolates resistant to Ceftazidime.
4) Genetic relatedness of recovered Pseudomonas aeruginosa isolates
High genetic similarity based on (GTG) [5] fingerprint was noted among Pseudomonas aeruginosa isolates from diverse patients visiting Tigoni Hospital Figure 2 . A similarity of ≥80% was also noted in 9 clusters based on isolates banding patterns, participant area of residence, and source of antimicrobial agents, resistance phenotype and genotype. Several Pseudomonas aeruginosa isolates with identical resistance phenotypes were clustered together (cluster 3).
Despite of significant genetic similarity of the 9, most isolates had varying resistance phenotypes and genotype which perhaps is an indication that different clones have acquired these resistances independently. However the common factor among most isolates that clustered together was participant source of antimicrobial agent, either from private chemist or Hospital pharmacy. Notably the genetic basis of resistance (Table 3) in Pseudomonas aeruginosa isolates in the 9
cluster with significant genetic similarity was unknown, which suggest additional resistant mechanism from the targeted. 
Discussion
In the current study, we recovered 85 Pseudomonas aeruginosa from wound swabs obtained from 299 outpatients visiting Tigoni Hospital. Clinical isolates of P. aeruginosa have previously been documented in Kenya. Such studies include a cross-sectional study conducted in Aga Khan University Hospital. The study reported 416 P. aeruginosa urine, blood, wounds, purulent and respiratory tract specimens from patients admitted in Intensive care unit [6] . In this study, car- In addition to the intrinsic antimicrobial resistance in Pseudomonas aeruginosa, misuse and over use of antimicrobial agents have led to emergence of multiple resistance strains that are difficult to treat. In addition, P. aeruginosa have become resistance to antimicrobial agents through horizontal acquisition of resistance genes from resistant strains and other bacterial species such Acinetobacter baumannii. Findings of the current study indicate an overall resistance to test antimicrobial agents compared to a study conducted in Kenyatta National hospital that recorded high resistance to CAZ 70%, AK 46%, CN 67.9%, CIP 52.7%, TZP 50.5% and MEM 67.6% [13] In this study were recorded high resistance prevalence to important classes of antibiotics such as CAZ (64%), Gentamicin at 45% and Ciprofloxacin at, 25%. A combination of these antimicrobials is used in the treatment of severe P. aeruginosa infections and therefore, resistance to a combination of such agents may greatly hamper treatment. Resistance to carbapenem which is the last resort was also recorded (MEM, 40%). Our findings therefore show an increase in carbapenem resistance in East Africa as compared to a systematic review done in the region that reported an incidence of 21% [14] . Tazobactam-Piperacillin the most used anti-Pseudomonal agent was effective to most isolates that were resistant to other antimicrobials
Resistance to third generation β-lactams such as CAZ has been attributed to carriage of β-lactamases [15] bla NDM carriage was positive in only 10 from a total of 34 isolates that were resistant to Meropenem. However, only 40% of these there is a possibility that such strains may be coming from the environment especially soil.
The phylogeny of recovered strains revealed significant genetic similarity among our bacterial isolates. Further analysis also showed possible clonal expansion of resistant strains within the hospital that has identical resistance phenotype and a high genetic similarity. Tight clustering of isolates with different resistance phenotypes further suggests independent acquisition of a similar set of resistance determinants among isolates with different profiles. Although we were not able to determine possible carriage of genetic elements such as plasmids that could possible cause above mention resistance features, further genetic analysis and SNP typing based on WGS data will shed light into this. Although (GTG)5 is not a very powerful phylogeny method, there is possibility that the NDM strains are clonal going by their clustering and resistance profiles. It is worth noting that the non-NDM strains did not cluster tightly which raises the possibility of clone stability of the highly resistant NDM strains. The spread of clonal strains in clinical set-up has been associated with use medical devices such as catheters and prosthetics [16] . Pseudomonas aeruginosa strains are able to survive in the environment especially in most areas. Therefore, person to person transmission is also possible especially in contaminated environment. There should therefore be deliberate effort to reduce transmission and source reservoir of such resistance strains in such settings.
Conclusion
The emergence of bla NDM-1 linked to widespread misuse of carbapenem is alarming. Measures to institutionalize antimicrobial stewardship such as hospital committees, prescription guided by empirical laboratory susceptibility patterns and continued monitoring of development of resistance should therefore be initiated. Risk factor associated with carriage and acquisition of multiple-drug resistance strains such as self-medication should therefore be strongly discouraged. Measures to closely monitor dosage completion and post-treatment follow-up for serious infections should also be initiated where possible to prevent T. G. Thuo et al.
